This study further extends the clinical usefulness of the estimation of cardiac chamber size by means 
The use of reflected ultrasound from external transducers to determine cardiac chamber size is a relatively recent development. The assessment of left atrial size was first attempted by Hirata et al. (I969) . He found a good correlation between a single left atrial echo dimension and its area measured from cineangiograms in the right anterior oblique position. Left ventricular end-systolic and enddiastolic volumes estimated from single left ventricular echo dimensions and measured from left ventricular angiograms have been compared in many studies. The good agreement between both methods that has been demonstrated by many authors (Popp et al., I969; Pombo, Troy, and Russell, I97ia; Murray, Johnston, and Reid, I972; Feigenbaum and Chang, I972; Fortuin et al., I97I; Gibson, I973; Ratshin et al., 1973) is surprising when one considers the geometry and the mathematics that are involved. Results obtained by other methods such as the Fick technique (Feigenbaum, Zaky, and Nasser, I967; Popp and Harrison, I970, 1970) and the indicator dilution technique (Pombo Received 2I February I974. et al., 197ib) have also been used as a reference and again good correlations have been found. More recent echographic studies employ standardized techniques to obtain echoes both from the left side of the septum and from the endocardium of the left ventricular posterior wall. This standardization refers to the patient position, transducer position, control of gain settings, and the use of stripchart recorders (Feigenbaum and Chang, I972; Popp and Harrison, 1973) , and has added validity to many dimensional measurements. The purpose of the present study is to hypertrophy, one with cardiomyopathy, one with pul-methods; of these the abnormal mitral valve motion monary stenosis and one with no demonstrable heart pattem on the echocardiogram was the most consistent disease (functional murmur). All underwent routine one. diagnostic cardiac catheterization and quantitative angiocardiography. The echocardiographic examination Left ventricular dimensional study was performed within 24 hours before or after the cath-Of 50 consecutive patients undergoing diagnostic heart eterization procedure and patient selection was only on catheterization, 42 had suitable echocardiograms (84%). the basis of the quality of the left atrial cineangiograms. In 35 both the echocardiograms and angiocardiograms Left atrial and aortic root dimensions were also meas-permitted left ventricular volume calculations (70%). ured in 25 normal subjects. The absence of heart These 35 patients, 32 male and 3 female, aged i6 to 64 disease was based on their history, the normal clinical years presented with a wide spectrum of cardiac diseases cardiac examination, electrocardiogram, and chest x-ray. (Table 2 ). They include I9 with coronary artery disease; The same measurements were also made in the last 27 14 with valvular disease; one with asymmetrical septal patients presenting at the outpatient clinic with mitral hypertrophy, and one with Ebstein's disease. Their stenosis. All had the typical auscultatory findings of echocardiographic study was performed within a 24-mitral stenosis, further confirmed by other non-invasive hour period before or after the catheterization procedure. Echocardiographic studies were done with the ECHOPatients were examined in the supine position. cardioVISOR, an instrument that has both the con-Turning the patient slightly on his left side sometimes ventional single element and the multiscan facility allows better visualization of the interventricular sep- (Bom et al., I973; Roelandt et al., 1973) . All studies were tum and left ventricular posterior wall simultaneously. performed using a I:9 cm diameter, 2-25 mHz, and The standard position of the transducer is in that inter-7-5 cm focused transducer. The transducer is pulsed for costal space where the characteristic rapid anterior I msec and receives during a period of 200 ,usec. The mitral leaflet motion is recorded while the transducer is repetition rate is I024 impulses per second. The echo held perpendicularly on the chest and as close as possible to the left sternal border. The long-axis plane of the heart is then defined by reorienting the transducer from this position slightly to the aortic root (medial-superior direction) and to the apex of the heart (lateral-inferior direction). A continuous sectorscan through this plane is then performed and recorded (Feigenbaum and Chang, 1972; Popp and Harrison, 1973) . Subsequently, selective recordings of the aorta and left atrium are made. The transducer is then aimed at a point just below the tip of the mitral valve leaflets. From this position, the transducer is angled so as to be perpendicular to the plane of the long axis. This is referred to as the transverse, or T-scan (Henry, Clark, and Epstein, 1973) . Several Tscans are performed and the largest left ventricular diameter defined (Fig. I) 
Echocardiographic and angiocardiographic data analysis
Echo data Only the best quality tracings of each patient were selected for this study. For left atrial dimensional measurements, echocardiographic recordings were used where the anterior and posterior aortic wall and left atrial posterior wall were seen during several cardiac cycles. The typical motion pattems of these structures have been described elsewhere (Hirata et al., 1969; Feigenbaum and Chang, 1972; Popp and Harrison, 1973) . Arbitrarily the distance between the anterior surfaces of the anterior and posterior aortic walls was considered to be the dimension of the aortic root, and the distance between the posterior aortic wall and the anterior echoes of the left atrial posterior wall was taken as the left atrial standard anteroposterior dimension (Popp and Harrison, 1973) . All measurements were done at end-systole at which time the largest left atrial diameter was considered to be present. Measurements during 3 to 5 consecutive cardiac cycles were made and expressed in mm (see Fig. 2A ). For analysis of the left ventricular dimensions, tracings were selected where the endocardium of both the interventricular septum and left ventricular posterior wall were clearly seen simultaneously (Fig. 2B ). Measurements were done at the peak of the R wave for the end-diastolic dimensions, while the smallest distance between the interventricular septum and left ventricular posterior wall was considered as the end-systolic dimension. End-systolic volumes were calculated as I047 SD3 (where SD is the endsystolic dimension in cm) and end-diastolic volume as I-047 DD3 (where DD is the end-diastolic dimension in cm). Indeed, the volume of a prolate ellipse is (ir/6) LD2, where L is the long and D the minor axis. If one assumes L = 2D, the formula becomes (2-rf6) D3 or I-047 D3. Stroke volumes were calculated as the difference between end-diastolic and end-systolic volumes. Ejection fraction is stroke volume divided by enddiastolic volume. All the volumes were corrected for body surface area and expressed in ml/m2.
group.bmj.com on July 8, 2017 -Published by http://heart.bmj.com/ Downloaded from Angiocardiographic data The left atrial area visualized on the right anterior oblique cineangiograms was measured by planimetry using a special projecting table (Autotrol Corp-model 3400 Curve Tracer). The largest left atrial area-curve was used for comparison with the left atrial echo dimension. The areas were corrected for x-ray magnification using a filmed standard grid at the mid-level of the heart. The left atrial area is expressed in mm2. Left ventricular volumes were calculated from the area and length of the left ventricle measured on the same projecting table and corrected for x-ray magnification by means of the area-length method for volume calculation for films taken in the right antero-oblique position as described by Greene et al. (I967) . The cineframe at the R-peak of the electrocardiogram was taken as the end-diastolic volume and the smallest volume as the end-systolic volume. Stroke volume of the left ventricle is end-diastolic minus end-systolic volume. Ejection fraction is the ratio of systolic volume to enddiastolic volume. Statistical analysis Data were analysed by a statistical programme on a PDP 9 computer, using standard regression techniques (Fisher, 1970 sions is large, and it is impossible to separate normals from those with left atrial enlargement. In an attempt to standardize and to improve the reliability of the estimation of left atrial enlargement, the ratio of left atrial to aortic dimension was calculated in all patients. Fig. 3B shows the correlation between this ratio and the left atrial area (r =0.82). This ratio was found to be higher than i o in only 2 of 25 normal subjects (mean o go with a SD of O'I3), while in 27 patients with mitral stenosis the ratio was considerably higher (mean I93 with a SD of 0-48). It appears, therefore, that the ratio left atrium to aorta allowed separation of patients in whom left atrial enlargement was present from those in whom it was considered to be absent (Fig. 4) (Gramiak, Shah, and Kramer, I969; Feigenbaum et al., I970) which, by the added contrast (echoes from the blood containing the dye), permitted the validation of the accuracy of the echographic mesurements. The left atrial size has also been assessed from the suprasternal transducer position (Goldberg, 197I (Ratshin et al., 1973 
